Because the bivalent is a direct result of the complexs presence, in the literature the presence of bivalents is equivalent to the term synaptonemal complex. However, the bivalent and the SC are two different structures.
Apart from variation through mutation, genetic recombination is the cause of much of the diversity of different organisms. The synaptonemal complex (SC) plays an important part in this event. It binds two homologous chromosomes and enables them to conjugate (TURNER et al. 2004) . Over 50 years ago, the SC was first described in crayfish spermatocytes (MOSES 1956 ) and in the spermatocytes of pigeon, cat and man (FAWCETT 1956) . This meiotic structure is evolutionarily conserved in the vast majority of sexually reproducing eukaryotes from mononuclear Protozoa, Fungi, and algae to vertebrates (PENKINA et al. 2001) .
A completely formed SC mediates the association of prophase homologues throughout their entire length and binds them into a bivalent. The SC is a tripartite protein structure consisting of two lateral elements (LEs) and a central element (CE) situated between them. There are recombination nodules between the lateral elements of the SCs. Lateral elements border on protein cores of sister chromatids. The ends of LEs are visible in the form of globular structures called telochores. They attach the SC to the internal side of the nuclear envelope. In the medial position of a complex there is a ladder-like structure which is the result of a connection between LE and CE. This ladder-like structure is composed of transverse filaments (TFs). The size of the SC is species-specific and usually ranges from 70 to 240 nm, but is also dependent on the genome size. The length of the SC corresponds to the length of prophase bivalents (MAREC 1996; PENKINA et al. 2001) .
A number of investigations have shown that SCs first appear in specific places between homologues which are called pairing centres. These pairing centres are responsible for correct recognition of homologous sites and they are potential sites of genetic recombinations (MOENS 1994; ZICKLER 2006) . The SC is attached to prophase chromatin loops only in a few sites. Most prophase DNA is not joined to the SC and only less than 0.5% is closely connected to this structure (RATTNER et al. 1981; MAREC 1996) . The number and location of recombination nodules also correspond to the number of SC initiation sites and crossing-over loci (CARPENTER 1988; ZICKLER & KLECKNER 1999; ANDERSON & STACK 2005; ZICKLER 2006) . SC formation in telomeric regions starts when the bouquet stage appears, however, the origin of this convergence and factors influencing this dependence are still unknown (ZICKLER 2006) . Nucleolar organizer regions (NORs) of chromosomes are the last to achieve completely formed synapsis (RASMUSSEN 1986) . The considerable delay of synapsis formation, associated with incomplete pairing, is a typical phenomenon between the ZW pair observed in moths (WANG et al. 1993) or birds (SOLARI 1977) . The SC retains its structure until late diplotene. The CEs are first to disintegrate. Then LEs dissociate along their long axes during a multistage decondensation process (PENKINA et al. 2001) .
Because it includes the most important enzymatic complexes responsible for the occurrence of crossing-over, the SC plays the key part in the meiotic recombination process (BÖRNER et al. 2004; DE VRIES et al. 2005; ZICKLER 2006) . Moreover, the SC binds non-homologous chromosomes and also enables the recombination of homologous fragments only (ZICKLER 2006) . It has been postulated that early-prophase elements of SC are responsible for the detection and the resolving of interchromosomal tangles -interlockings (RASMUSSEN 1986).
Sex chromosome pairing and autosome pairing in the cells of homogametic organisms share the same course. Substantial morphological and genetic differentiation between XY and ZW pairs is observed in organisms whose sex is determined by the aforementioned pairs. The length as well as genetic composition of these chromosomes pose a problem. The behaviour of these chromosomes during conjugation seems to be coerced and somewhat unnatural in most cases. Despite the difficulties described, the process of pairing in these chromosomes is correct, which proves that SCs have substantial adaptive abilities and dynamics (MAREC 1996; PAGE et al. 2006) . Heterochromosomes show homology only in a few areas in birds and mammals, in contrast to fish, in which the differences between sex chromosomes are considerably smaller (PAGE et al. 2006 ).
All of the karyologically studied birds (about 10% of the living species) have a heterogametic system of sex determination in females in the form of a ZW pair. Avian sex chromosomes are rich in euchromatin, with the exception of centromeric regions and the short arm of the W chromosome. The W chromosome is often metacentric and entirely consists of heterochromatin (PIGOZZI & SOLARI 1999b) . During pachytene the axes of ZW chromosomes form a bivalent bound by a SC. The length of the SC corresponds to the length of the W axis. Next, from late to mid-pachytene, the unpaired section of the Z arm shortens into a streamer-like structure, which achieves the length of lateral elements of a completely formed SC. In this way, the Z arm forms a loop around the straight W arm. The size of this loop corresponds to the size of the nonhomologous pairing region in this bivalent (SOLARI 1977) .
The aim of the current research was to demonstrate and identify SCs in the European domestic goose (Anser anser).
Material and Methods
Females and males of the European domestic goose (Anser anser) were selected for investigations. One-day-old goslings from post-hatching faulty groups, and 17-year-old ganders from industrial slaughter were chosen. Ovaries and testicles sampled post mortem in the hatchery and during slaughter constituted the research material.
Preparations were prepared by the modified technique of COUNCE and MEYER (1973) , making it possible to use this method for identification of vertebrate SCs (OEWITOÑSKI 1991; LECHNIAK et al. 1997; S£OTA 1998) . In order to observe SCs, the preparations were experimentally prepared using the meiotic chromosome isolation technique prepared for Gallus gallus cocks (POLLOCK & FECHHEIMER 1978) .
Preparations were stained with silver nitrateAgNO ! (HOWELL and BLACK 1980) . Moreover, as an experiment, the DAPI fluorochrome 4',6-Diamidino-2-phenyindole staining (SCHWEIZER et al. 1978) of preparations prepared by the technique of POLLOCK and FECHHEIMER (1978) was applied.
The preparations obtained were analysed with an Olympus BX 50 light microscope, magnified 100 times (the microscope was equipped with a fluorescence attachment), and filed by means of an analogous Panasonic video camera. A detailed computer analysis was conducted by the Multiscan system of image analysis and graphic programs compatible with the system. The preparations were analysed paying special attention to the presence of bivalents, the presence being the result of the existence of SCs.
Results

Analysis of preparations obtained by means of the COUNCE and MEYER technique (1973)
No cells with formed SCs were found in the chromosomes of the preparations obtained from one-day-old goslings. Only occasionally were there cells observed in which SCs occurred only within macrobivalents, whereas microchromosomes were still in the form of a decondensed chromatin strand. Most of the cells had nuclei without visible chromosomes and with more or less condensed chromatin. The presence of SCs was indicated by few bivalents -structures resulting from the activity of SCs. (arrows) . Their presence at this stage proves that the first two goose bivalents are submetacentric. In Figure 1d kinetochores (arrow) are also visible on the first macrobivalents, as well as darkly stained regions of telomeres (open arrows). Figure 1e presents a cell with developed SCs within the first four macrobivalents and the ZW univalent, as well as within the acrocentric bivalents arranged according to size. The subtelomeric location of kinetochores of acrocentric bivalents 6 and 7 is indicated by arrows.
Preparations obtained from 17-week-old ganders were characterised by cells which had a complete set of bivalents. This was indicated by the number of kinetochores (40) which equals the haploid number of Anser anser. The conclusions as to the presence of SCs were drawn on the basis of the presence of bivalents. Bivalents in cells were densely packed and very thin. Such bivalent structure made it possible only to identify kinetochores and darkly stained subtelomeric regions. Moreover, developed spermatids were identified (Fig. 2e) . be identified. What is more, the kinetochore localisation and typical dark telomeric parts can be determined. These structures cannot be identified on all bivalents. In photograph 2b all bivalents are already visible, which is indicated by the number of kinetochores. Kinetochores are identified on macrobivalents in subproximal bivalent regions (arrow) and darkly stained subtelomeric regions (open arrows). In turn, on acrocentric microbivalents ( Fig. 2c ) two darkly stained structures can be identified: a smaller one in one of the subtelomeric regions (arrow) and a larger one in the proximity of the second telomere. Most likely the larger structure is a telomeric and kinetochoric (open arrow) region, observed as one signal in acrocentric bivalents. Figure 2d shows pachytene of the first prophase of meiotic division and all the completely developed bivalents. The macrobivalents are long and easily identified. Within them it is possible to distinguish kinetochores as well as telomeric regions. What is more, varied bivalent lengths can be observed, from the longest first bivalent (open arrow) to very short acrocentric microbivalents (arrow) within which both kinetochores and telomeres can be easily distinguished.
Analysis of preparations following the POLLOCK and FECHHEI technique (1978) Preparations made according to the POLLOCK and FECHHEIMER technique (1978) were characterised by well visible bivalents. On those prepared using the HOWELL and BLACK technique (1980), it was possible to identify macro-and microbivalents. However, it was not possible to organise them according to size and refer them to the karyotype of mitotic chromosomes. It was possible to indicate individual macro-and microbivalents and to estimate their number, which oscillated around 40. A large number of bivalents and lack of dispersion typical of species characterised by a large diploid number prevented a precise determination of the bivalent number. Moreover, as a result of hypotonic shock, the structure of chromosomes became looser and kinetochores as well as dark subtelomeric regions observed on the chromosomes stained with the COUNCE and MEYER technique (1973) became less clear. They were not observed on all bivalents, nor in all the analysed cells. However, in a few cells it was possible to observe individual bivalent homologues, which indicates that SC degradation had taken place. Figure 3a shows a cell with developed SCs within bivalents. The complex structure is well visible on both macrobivalents (open arrow) and microbivalents (arrow). By contrast, kinetochores and telomeric regions are poorly visible but can be seen in the form of dark blocks against a background of the ladder-like bivalent structure (circle). The ladder-like structure visible alongside the bivalent is typical of pachytene when the SC is fully formed. Figure 3b presents a cell in which the beginning of SC degradation is visible, and it is possible to distinguish individual bivalent homologues (arrows). The typical SC structure can still be detected in the form of alternating dark and light chromatin regions (circle) similar to the highresolution banded pattern on mitotic chromosomes. Such cells are typical of late pachytene and the beginning of diplotene.
The experimental DAPI-stained preparations were found to be the best for SC identification. On the preparations, cells at the leptotene stage were found with well visible individual and thin chromosomes. Moreover, not fully conjugated bivalents typical of zygotene were detected, within which individual homologues could be distinguished. DAPI staining revealed the characteristic ladder-like SC structure as well as fully developed bivalents. Figure 4a presents chromosomes as individual homologues. The chromosomes are thin, long and not fully isolated from condensating chromatin (light areas marked with arrows). A large number of chromosomes and their looping prevent not only identification of individual chromosomes but also determination of their telomeres and centromeres. Figure 4b shows a cell during zygotene. Bivalent homologous chromosomes are already partly bound by synapsis (arrow). Open arrows mark bivalent homologues before complete stabilisation of SCs. Homologous chromosomes are visible in those places. Sites of incomplete synapsis occur in interstitial chromosome parts, which results from SC functioning and structure. In Figure 4c , along their whole length, bivalents have a ladder-like structure typical of synapsis, as well as well-visible, brightly fluorescing telomeres and kinetochores (arrow). An arrangement of two homologues joined by a synapsis (circle), the beginning of SC degradation (open arrow) and two bivalent homologues after degradation of synapsis are also clearly visible. Figure 4c shows cells with completely formed bivalents. Chromosomal chromatin is condensed enough to distinguish individual bivalents (open arrows). Brightly fluorescing kinetochores are also apparent (arrows).
Discussion
An analysis of preparations obtained from oneday-old goslings has shown that macrobivalents are the first to achieve complete synapsis. The SC in higher organisms begins to form from telomeric regions (PENKINA et al. 2002) , so shorter microchromosomes might be expected to be the first to achieve synapsis. The phenomenon provides an explanation to the specific character of the bird genome which, unlike that of mammals, possesses a marked number of telomeric sequences in the interstitial parts of chromosome arms (SOLOVEI et al. 1994; NANDA et al. 2002) . The occurrence of interstitially located telomeric sequences on macrochromosomes is connected with an increase in the number of sites where formation of SCs is initiated, which explains why synapsis is achieved more rapidly. SANTOS et al. (1993) observed that in submetacentric bivalents SC formation begins from subtelomeric regions of chromosomes. Two potential sites of initiation exist in acrocentric bivalents, i.e. in the distal and proximal parts of the q arm. The short p arms pair much later.
In geese the largest macrochromosomes are submetacentric, whereas microchromosomes are acrocentric, so the theory of SANTOS et al. (1993) and the presence of interstitial telomeric sequences in chromosomes may provide an explanation to why macrochromosomes and not microchromosomes undergo synapsis first. Moreover, compared with macrochromosomes, microchromosomes are characterised by a lower adeninethymine content, accompanied by a higher guanine-cytosine content (FILLON et al. 1998; GREGORY 2002) . Sequences rich in G-C constitute about 60% Zyg DNA which is responsible for linking with SC. Zyg DNA undergoes replication not during the pre-meiotic phase S, but as late as in zygotene (MAREC 1996) so synapsis formation is delayed at those sites. In turn, replication delaying may follow from joining Zyg DNA and the components of the complex which is formed during zygotene, or difficulties in breaking triple bonds between G-C bases. Thus the macrochromosomes poorer in G-C content enter prophase of meiotic division I fully replicated and, as a result, can achieve synapsis first.
It remains unexplained whether the phenomenon of synapsis not being achieved simultaneously is intended or coincidental, being a consequence of the occurrence of interstitial telomeric sequences or Zyg DNA sequences, when one bears in mind that most genes are concentrated in delayed microchromosomes (FILLON et al. 1998; GREGORY 2002) . Perhaps it is associated with the loop repair mechanism of chromosomes interlooking. Delayed synapsis allows for the repair mechanism to check if the bivalent structure is correct, which somehow prevents loss of valuable chromosome fragments. Unfortunately, this hypothesis cannot be verified because, apart from birds, no animal group has micro-and macrochromosomes in such form.
Also, the characteristic morphology of the ZW pair, which assumes the univalent form in which chromosome W is joined to the distal part of chromosome Z, is a consequence of SC formation starting from subtelomeric sequences. Moreover, due to the joining of all of the chromosomes to form a bivalent from telomeric sequences, the risk of losing their distal endings is reduced to a minimum. Such a situation would not be possible if the complex formation proceeded from the centromere towards the chromosomal endings. One can think that the role of SCs is to stabilise the bivalent structure, just like the role of telomers is to stabilise the chromosome structure.
The structure and functioning of the SC are species-specific (PENKINA et al. 2002) . Developed bivalents on preparations obtained from one-day-old Anser anser goslings were observed only within the first chromosomal pairs of a small percentage of analysed cells. In similar research conducted on one-day-old Leghorn chickens, PIGOZZI (2001) obtained preparations with perfectly developed SCs. In Pterocnemia pennata and Rynchotus rufescens also pachytene oocytes were observed 3-5 days before hatching, whereas in Columbia livia SCs appeared as late as on the seventh day after hatching (PIGOZZI & SOLARI 1999a,b) . Pachytene oocytes can be analysed in the third day of life in Drosophila melanogaster (CHUBYKIN 2001) . In the Syrian hamster Mesocricetus auratus SCs were observed on the seventh day of life, whereas in mice on the first day of life. The pachytene stadium of prophase I occurs in Canis familiaris between the 10 JD and 30 JD day of age, however, up to 10% of examined one-day-old puppy population the presence of pachytene oocytes was detected (LECHNIAK et al. 1997 ). In the case of birds it is the oocyte meiotic division I that is most valuable because, due to different sex determination of abraxas type, conjugation of pair ZW and untypical heterochromosome morphology can be observed only in females.
Compared with chickens, geese mature at an older age. What is more, goose as a typical waterfowl species are evolutionary closer to reptiles then chickens. The physiological and evolutionary differences of both species may explain the lack of the pachytene stage in one-day-old geese and its presence in chicks of the same age which, in addition, have prominent SCs. What is also interesting is the presence of mature spermatids in testicles of 17-day-old geese. In Gallus domesticus males, order I spermatocytes appear in the 6 (RZ¥SA 2005) . The presence of spermatids in 17-week-old geese may indicate that the birds compensate for the low meiosis rate at the initial stage of spermatogenesis. Although ganders reach full reproductive maturity later than cocks, the spermatids in both species appear at the same time.
An application of conventional techniques of SC identification and staining of preparations does not allow for the identification and analysis of SC molecular structure. SCs in preparations obtained from one-day-old goslings can be inferred on the basis of the presence of macrobivalents as well as darkly stained kinetochores and subtelomeric regions. On preparations obtained from 17-weekold ganders, SCs were once again deduced from the presence of the complete set of bivalents as well as the number of kinetochores typical of the haploid set of chromosomes. Moreover, the bivalents were very thin and poorly dispersed, which additionally made them more difficult to analyse. Kinetochore proteins show affinity to heavy metals, and silver staining makes them prominent especially on thin bivalents obtained by means of the technique of COUNCE and MEYER (1973) . However, darkly stained kinetochores and the haploid number of bivalents were the only evidence for the presence of synaptonemal complexes in goose cells.
SCs revealed after the application of analogous isolation and chromosome staining techniques was observed in man (SOLARI 1980) , Locusta migratoria (COUNCE & MEYER 1973; MACGREGOR & VARLEY 1988) , cattle (OEWITOÑSKI & STRANZINGER 1998) , Rattus norvegicus (PUJOL et al. 1988) , Anas platyrhynchos (SOLARI & PIGOZZI 1993) , Canis familiaris (LECHNIAK et al. 1997) , Gallus domesticus (SOLARI 1977) and Sus scrofa (S£OTA 1998) .
However, detailed analysis of the aforementioned works and the comparison of the results suggest that in the available literature the presence of bivalents is tantamount to the term "synaptonemal complex" as the bivalent is a direct result of the existence of the SC without which it cannot be formed.
In the discussed studies, the best results were obtained when the meiotic chromosome isolation technique described by POLLOCK and FEHCHEIMER (1978) was applied and followed by silver nitrate staining as well as experimental staining with the DAPI flourochrome. After application of the aforementioned techniques, homologous chromosomes and bivalents were prominent. What is more, the typical ladder-like structure of SCs resulting from a diStructure of Synaptonemal Complexes of Anser anser verse protein composition of lateral elements was observed. In addition, the DAPI-stained preparations had unique structures observed during basic cytogenetic analysis, i.e. two parallel homologous chromosomes just before synapsis.
An application of the alternative POLLOCK and FEHCHEIMER technique (1978) required the use of 0.8% sodium citrate solution. The ready preparations were conventionally stained with silver nitrate and experimentally with the DAPI fluorochrome. Such a protocol has not been described in the available literature so far, thus the results can only be indirectly compared to research carried out by other workers and in other animal species. The application of stronger hypotony enabled obtaining longer chromosomes characterised by looser chromatin structure than conventionally isolated chromosomes. Furthermore, on a macro scale a SC with a developed ladder-like structure was observed along the whole length of the chromosome. The structure results from nonuniform protein composition of SC lateral elements, and resembles a high-resolution banding pattern typical of meiotic chromosomes. An experimentally applied method of staining with the DAPI fluorochrome made it possible to obtain unique preparations on which individual homologous chromosomes were observed before forming the bivalent structure. Also, as a result of fluorochrome application, the typical ladder-like structure formed by elements of lateral synaptonemal complexes was prominent.
According to MACGREGOR and VARLEY (1988) paired or unpaired chromosome regions may be indicators of the location of such marker structures as: centromeres, nucleolar organizer regions, nuclei, telomeres and even heterochromatin regions. Such preparations may be very useful for analysing prophase chromosomes, and can be used to prepare the so-called SC karyotypes. The karyotypes would make it possible to observe pairing initiations, sequences participating in pairing, the frequency of recombination occurrence, as well as potential meiotic chromosome structure anomalies. In the opinion of MAREC (1996) , Zyg DNA, whose single copies of short (5-10 kb) sequences are located along the length of chromosomes, is responsible for the specificity of the DNA-SC bond. Afterwards the complex lateral elements join to DNA in strictly determined sequences, and thus through inference the ladder-like SC structure can be treated as a bivalent banded pattern indicating, similarly to banded staining, the location of specific sequences in the chromosome.
The detailed molecular SC structure can be analysed only with electron or scanning microscopy. With the optic microscope, even with a highresolution image under large magnification, it is only possible to grasp a bivalent structure with clearly outlined chromosomes at the synapsis stage. Detailed analysis of SC structure, the process of SC formation and specific combination of particular chromosomes with DNA can be treated as one of the poultry genome mapping elements. In the literature the presence of bivalents is equivalent to the determination of the SC because the bivalent is the direct result of the SC presence. Yet, the bivalent and the synaptonemal complex are two different structures.
